Objectives The aim of this study is to determine the correlation of pretreatment fluorine-18 fluorodeoxyglucose uptake with clinicopathological factors and its prognostic value in patients with newly diagnosed diffuse large B-cell lymphoma (DLBCL).
Objectives The aim of this study is to determine the correlation of pretreatment fluorine-18 fluorodeoxyglucose uptake with clinicopathological factors and its prognostic value in patients with newly diagnosed diffuse large B-cell lymphoma (DLBCL).
Patients and methods A cohort of 162 patients with newly diagnosed DLBCL who had undergone pretreatment PET/computed tomography was retrospectively reviewed. The relationship of pretreatment maximum standard uptake value (SUV max ) with clinical factors, molecular markers, and efficacy was evaluated. The value of SUV max in predicting progression-free survival (PFS) and overall survival was analyzed.
Results In all, 72.9% of the patients received R-CHOP treatment; the rest received CHOP chemotherapy. The median follow-up duration was 30 months (range, 4-124 months). The median SUV max was 12.2 (range, 1.7-42.7). SUV max between groups differed significantly with respect to each of International Prognostic Index (IPI) factors, except for age and performance status. High SUV max was associated with high Ki-67 and Glut-3 protein expression, but not with Glut-1. Complete remission rate differed significantly between the low (SUV max ≤ 9.0) and the high SUV max (SUV max > 9.0) groups (91.7 vs. 61.1%, P = 0.000). Patients with low SUV max showed favorable survival (3-year PFS: 92.2 vs. 63.6%, P = 0.000; 3-year overall survival: 95.5 vs. 78.3%, P = 0.003). On multivariate analyses, SUV max predicted PFS independent of revised-IPI (SUV max : P = 0.011, hazard ratio 4.784; revised-IPI: P = 0.004, hazard ratio 2.551).
Conclusion Pretreatment SUV max was associated with clinicopathological factors, efficacy, and survival outcome. A novel prognostic model on the basis of IPI score/ pretreatment SUV max might be useful for risk stratification of patients with newly diagnosed DLBCL. Nucl Med Commun 37:689-698 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
Introduction
Non-Hodgkin lymphoma (NHL) is a common malignant proliferative disease of the lymphatic system. Its prevalence is increasing gradually in both developed and developing countries. Approximately 360 000 patients are newly diagnosed with NHL every year worldwide and NHL has an annual mortality of 1.9-3.6/100 000 [1] .
Diffuse large B-cell lymphoma (DLBCL) is the most common type of NHL, accounting for ∼ 30-50% of all NHL cases [2] .
Fluorine-18 fluorodeoxyglucose PET/computed tomography ( 18 F-FDG PET/CT, referred to hereafter as PET/CT) is an emerging functional and metabolic technique for the molecular imaging of tumors. The role of PET/CT in the assessment of treatment response in DLBCL patients has been confirmed widely. In 2007, the International Workshop Criteria (IWG) included PET/CT findings as a criterion for the assessment of the response of malignant lymphoma to treatment [3] .
the Deauville criteria or the reduction in the maximum standard uptake value (SUV max ) and verified the prognostic value of interim PET/CT in DLBCL [4, 5] . In contrast, pretreatment PET/CT is currently applied only to identify the area of involvement and to stage the lymphoma [6] ; its clinical value in other aspects of clinical management remains unclear.
SUV is the most commonly used semiquantitative parameter in PET/CT and can directly reveal the 18 F-FDG uptake by tumor tissues, which in turn reflects the status of glucose metabolism in these tissues. 18 F-FDG uptake is affected by a variety of clinicopathological factors, such as the biological characteristics of the tumor, including proliferation activity, aggressiveness, and glucose transporter (Glut) expression [7] .
The rates of cell proliferation and glucose metabolism in malignant tumors often reflect tumor aggressiveness and affect the response to therapy. The Ki-67 protein is a biological marker of cell proliferation and is expressed in all phases of the cell cycle, except for the G0 phase. Gluts are the major carriers mediating the uptake of glucose, and are widespread in various human tissues and cells. Glut-1 and Glut-3 show a higher affinity for glucose and are associated closely with tumor metabolism. Recent studies have shown that Ki-67, Glut-1, and Glut-3 are important factors affecting the mechanism of 18 F-FDG uptake in some solid tumors [8] [9] [10] . However, the precise roles of Ki-67 and Glut expression in 18 F-FDG uptake in patients with DLBCL remain unknown, and only a few small studies with contradictory conclusions have been reported.
Several studies have shown that pretreatment SUV max is associated with survival in patients with non-small-cell lung cancer, esophageal cancer, colorectal cancer, or other solid tumors [11] [12] [13] ; however, other studies have reported different conclusions. The studies carried out by Vu et al. [14] and Brown et al. [15] do not support the use of SUV max on pretreatment PET scans as a prognostic tool for patients with non-small-cell lung cancer and esophageal cancer. In the case of DLBCL, only a few studies have investigated the prognostic value of pretreatment PET/CT and obtained varying results; thus, there is a lack of clear and consistent conclusions [16] [17] [18] .
Therefore, in this study, we retrospectively analyzed 162 cases of newly diagnosed DLBCL to determine whether pretreatment 18 F-FDG uptake was correlated with clinicopathologic factors, treatment response, and prognosis.
Materials and methods

Patients and treatment protocols
This single-center retrospective study included patients with newly diagnosed DLBCL who were admitted to our hospital and underwent pretreatment PET/CT between August 2004 and May 2014. In all patients, DLBCL was diagnosed on the basis of a pathological examination of biopsy or surgically resected specimens. Two hematopathologists reviewed the diagnoses to confirm that they fulfilled the 2008 WHO criteria [19] . The following clinical and laboratory data were available before the initiation of treatment: physical exam, Eastern Cooperative Oncology Group performance status (PS) evaluation, laboratory studies [including blood counts, biochemical tests, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and β 2 -microglobulin], bone marrow examination, and PET/CT scan, as well as additional gastrointestinal tract or central nervous system examination if necessary. Furthermore, staging was performed according to the Ann Arbor classification and risk groups were determined using the International Prognostic Index (IPI) and the Revised International Prognostic Index (R-IPI). The local ethics committee approved the study.
Patients received treatment with R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) or CHOP regimens as the first-line therapy. In the present study, the result of PET/CT before treatment did not affect treatment decisions. Response to treatment was evaluated after three to four treatment cycles using the IWG criteria [3] . Patients who were responsive to the treatment were administered additional treatment consisting of three to four courses of the same regimen, whereas patients in whom the treatment was ineffective or in whom progression was detected were shifted to other second-line chemotherapy regimens. The response was assessed again after six or eight treatment cycles, on the basis of which follow-up or continued treatment with adjusted regimens was performed. Follow-up was performed by the referring physician once every 3-6 months for the first 5 years and yearly thereafter. The examinations would be performed when changes occurred in the clinical condition to detect disease progression or recurrence. Methods of assessment and follow-up were as follows: physical exam, relevant laboratory tests (as those done for staging), imaging examinations, and bone marrow biopsy for previous involvement by lymphoma.
PET/CT imaging 18 F-FDG PET imaging and image analysis PET were performed using a dedicated whole-body PET/CT scanner (GE Discovery LS PET/CT system; GE Medical Systems Company, Milwaukee, Wisconsin, USA). All patients fasted for at least 4 h before the PET scan and had blood glucose levels lower than 140 mg/dl at the time of injection. The dose of 18 F-FDG injection was 0.15 mCi/kg body weight. The PET/CT scan was initiated 45-60 min (median: 53 min) after the 18 F-FDG injection. An unenhanced CT image was obtained using a standardized protocol (120 kV, 160 mA, pitch 0.8 : 1, single cycle rotation time 0.8 s, matrix size 512 × 512, FOV 500 mm) and a section thickness of 5.0 mm, which was matched to the section thickness of the PET images. Immediately after CT, PET was performed covering the identical axial field. The acquisition time for PET was 4 min per table position and the acquisition mode was 2D. Patients were instructed to breathe shallowly during the acquisition of CT and PET. PET images were reconstructed using the method of ordered subsets expectation maximization and the CT data were used for segmented attenuation correction. The PET reconstruction parameters were as follows: iteration 2, subsets 28, matrix size 128 × 128, postfiltering 6.0 full-width at half-maximum (mm), loop filtering 4.3 full-width at halfmaximum (mm), and Gaussian smoothing 8.0 mm. Coregistered images were displayed using Xeleris software (GE Medical Systems Company).
PET/CT analysis
All PET images and SUV-based assessment of 18 F-FDG uptake were analyzed by a consensus of two experienced nuclear medicine physicians who were unaware of clinical data. A PET-positive lesion was defined according to the modified IWG criteria. The SUV max was defined as the maximum SUV of the hypermetabolic lesion showing the highest 18 F-FDG uptake and was calculated on the basis of the attenuation-corrected images, the amount of injected 18 Evaluation of the immunostaining was performed as follows: CD10, Bcl-2, Glut-1, and Glut-3 expression was localized to the cell membrane, whereas MUM-1, Bcl-6, and Ki-67 expression was localized to the nucleus. Under a high-power microscope (×400), five visual fields were selected randomly from each section and 100 cells from each field were counted. Then, the proportion of positive cells among these 500 cells was calculated. According to the literature, CD10, MUM-1, Bcl-6, and Bcl-2 were considered positive if expressed by more than 30% of the tumor cells. Patients were assigned to germinal center B-cell-like (GCB) or non-GCB subgroups on the basis of the immunophenotype, as determined using the Hans model [20] . According to the percentage of Ki-67-positive cells, patients were divided into a high Ki-67 expression group (% expression > 50%) and a low Ki-67 expression group (% expression ≤ 50%). The semiquantitative immunoreactive score (IRS) method was used to calculate the expressions of the Glut-1 and Glut-3 proteins [21, 22] . Staining intensity was scored as follows: no staining, 0 points; weak staining, 1 point; moderate staining, 2 points; and strong staining, 3 points. The percentage of positive cells was scored as follows: 0%, 0 points; less than 10%, 1 point; 11-50%, 2 points; 51-80%, 3 points; and more than 80%, 4 points. The final score was obtained by multiplying the level of staining intensity with the percentage of positive cells. Final scores of less than 6 indicated low expression, whereas scores of at least 6 indicated high expression.
Statistical analysis
Progression-free survival (PFS) was defined as the interval between diagnosis and the first detection of disease progression or recurrence, or death caused by factors unrelated to the lymphoma or its treatment. Overall survival (OS) was defined as the interval between diagnosis and death from any cause.
Data were subjected to a normality test using the singlesample Kolmogorov-Smirnov test. The t-test was used to compare the mean SUV max among groups with various clinical characteristics (sex, age, systemic symptoms, number of extranodal sites, and molecular subtype), biochemical indicators, and molecular markers. Comparisons of SUV max among groups on the basis of other clinical characteristics (staging, PS score, and IPI and R-IPI risk groups) were performed using one-way analysis of variance analysis. The correlation of SUV max with biochemical indicators was analyzed using Spearman correlation analysis. Response rates were compared among the groups using the Pearson χ 2 -test. The receiver operating characteristic (ROC) curve was used to determine the optimal cut-off values of various biochemical indicators and SUV max . Univariate survival analyses were carried out using the Kaplan-Meier method and the factors were compared using the log-rank test. Multivariate analyses were carried out using the Cox proportional hazard model. All the statistical analyses and graphics were carried out using the SPSS 17.0 software (SPSS Inc., Chicago, Illinois, USA). Differences with a P value of less than 0.05 on a two-tailed test were considered statistically significant.
Results
Patient characteristics
Of the 162 patients with newly diagnosed DLBCL, 22 were excluded because of the absence of any visible lesions on PET/CT (12 patients with primary gastrointestinal lymphoma, four with primary testicular lymphoma, and six with stage I nodal lymphoma); these patients had undergone tumor resection before the PET/ CT examination. Thus, ultimately, 140 patients were enrolled in this study, including 75 men and 65 women, with a median age of 57 years (range, 17-83 years). Patients were followed up until 30 September 2014, with a median follow-up duration of 30 months (range, 4-124 months). The patients' clinical data are presented in Table 1 . Of the patients enrolled, 72.9% (102/140) received treatment with the R-CHOP regimen; the rest received CHOP chemotherapy rather than R-CHOP according to their own decision (mainly because of the poor economic conditions and unrelated to staging or prognosis).
Relationship of pretreatment SUV max with clinical factors
All the patients enrolled underwent pretreatment PET/ CT, which yielded a median SUV max of 12.2 (range, 1.7-42.7). We determined the relationship of the pretreatment SUV max with various clinical factors. As shown in Table 1 , SUV max between groups differed significantly with respect to disease stage, presence of B symptoms, number of extranodal sites, and IPI or R-IPI scores, but not for age, sex, or PS.
Relationship of pretreatment SUV max with biochemical indicators
Comparative and correlation analyses were carried out between the pretreatment SUV max and each biochemical indicator in different groups. ROC curve analysis showed that the optimal cut-off values of lactate dehydrogenase (LDH), ESR, CRP, and β 2 -microglobulin level to predict SUV max were 240 U/l, 19.5 mm/h, 3.85 mg/l, and 2591 ng/ml, respectively. SUV max differed significantly with respect to LDH, ESR, and CRP levels, but not with β 2 -microglobulin levels ( Table 1) . Further correlation analyses showed that the baseline SUV max was correlated positively with LDH (r = 0.312, P = 0.000), correlated weakly with ESR (r = 0.203, P = 0.016) and CRP (r = 0.215, P = 0.011), and not correlated with β 2 -microglobulin (r = 0.163, P = 0.055).
Correlation of pretreatment SUV max with molecular markers
In this study, IHC detection of the expression of the molecular markers CD10, MUM-1, Bcl-6, Bcl-2, and Ki-67 in lymphoma specimens was performed in 81 patients. The results showed that 17.3% (14/81) of the patients belonged to the GCB subtype and 82.7% (67/81) to the non-GCB subtype according to the Hans model. The pretreatment SUV max did not differ significantly between the GCB and the non-GCB groups (P = 0.655). Bcl-2 expression was detected in 64.2% (52/81) of patients and SUV max did not differ between the Bcl-2-negative and Bcl-2-positive groups (P = 0.608). High Ki-67 expression was present in 77.8% (63/81) patients and the SUV max in this group was significantly higher than that in the low Ki-67 expression group (15.1 10.0 vs. 9.4 4.9, P = 0.001; Table 2 ).
The expressions of the Glut-1 and Glut-3 proteins were assessed in 43 patients. The results showed that the average IRS for Glut-3 expression was 5.4 6.0 (median, 6.0; range, 0-12) and that 53.5% (23/43) of the patients had high Glut-3 expression (IRS ≥ 6). The SUV max in this group was significantly higher than that in the low Glut-3 expression group (mean SD, 16.7 10.1 vs. 9.7 5.8, P = 0.008). The average IRS for Glut-1 expression was 2.8 2.7 (median, 3.0; range, 0-12) and 14.0% (6/43) of patients had high Glut-1 expression. SUV max did not show a significant difference between the high and the low Glut-1 expression groups (P = 0.668; Table 2 ). Determination of the optimal cut-off value of pretreatment SUV max
The ROC curve showed that the optimal cut-off value of SUV max to predict disease progression and survival in DLBCL patients was 9.0. The patients were divided into two groups on the basis of this cut-off value: low SUV max group, 49 patients (pretreatment SUV max ≤ 9.0), and high SUV max group, 91 patients (pretreatment SUV max > 9.0).
Correlation of pretreatment SUV max with treatment response
The treatment response was assessed in all the enrolled patients after the completion of six to eight courses of treatment. The response could be determined in 138 patients. The complete remission rate [complete response (CR) + unconfirmed complete response (Cru)] was 71.7% (76.0% for the R-CHOP group and 60.5% for the CHOP group) and the overall response rate (ORR; CR + CRu + partial response ) was 89.1% (93.0% for the R-CHOP group and 78.9% for the CHOP group).
The CR and ORR rates after immunochemotherapy or chemotherapy were significantly higher in the low SUV max group (pretreatment SUV max ≤ 9.0) than in the high SUV max group (CR: 91.7 vs. 61.1%, P = 0.000; ORR: 100 vs. 83.3%, P = 0.003). During the study period, 35.2% (32/91) of patients in the high SUV max group showed disease progression and the median interval between diagnosis and disease progression was 8.0 months (range, 3.0-51.0 months). In 40% (13/32) of these patients, disease progression occurred within 6 months after diagnosis. In the low SUV max group, the progression rate was 6.12% (3/49), which was significantly lower than the rate in the high SUV max group (P = 0.000). Furthermore, the median interval between diagnosis and disease progression was 17.0 months (range, 14.0-19.0 months).
Correlation of pretreatment SUV max with survival
In this study, the median follow-up was 30 months, and the median PFS and OS have not yet been reached. The 3-year PFS and OS rates in the entire group were 73.8 and 86.1%, respectively. Significant differences in PFS and OS were found between patients with pretreatment SUV max above and below the 9.0 cut-off. The 3-year PFS rates in the low and high SUV max groups were 92.2 and 63.6%, respectively (log-rank test, P = 0.000; Fig. 1 ). The corresponding 3-year OS rates were 100 and 78.3% (logrank test, P = 0.003; Fig. 1 ).
The outcomes according to the R-IPI are presented in Fig. 2 . The R-IPI remained predictive in DLBCL patients treated with R-CHOP or CHOP, and it distinguished three separate prognostic groups with 3-year PFS rates ranging from 55.3 to 90.7% (log-rank test, P = 0.000) and 3-year OS rates ranging from 74 to 100% (log-rank test, P = 0.003). Subgroup analyses were carried out in the different R-IPI risk groups. In the 'good' R-IPI subgroup, the PFS did not differ significantly between patients with pretreatment SUV max values of up to 9.0 and greater than 9.0. However, in the 'very good' R-IPI subgroup, the 3-year PFS was significantly better in patients with pretreatment SUV max values of up to 9.0 than in those with SUV max values greater than 9.0 (100 vs. 72.9%, P = 0.044). Furthermore, in this subgroup, the PFS of two patients with pretreatment SUV max values of 13.9 and 15.0 was only 5 and 9 months, respectively. Similarly, in the 'poor' R-IPI subgroup, a lower pretreatment SUV max was associated with better survival (3-year PFS: 100 vs. 46.9%, P = 0.011). In the 'poor' R-IPI subgroup, eight patients with pretreatment SUV max up to 9.0 currently remain disease-free after a follow-up duration of up to 69 months. In the different R-IPI risk subgroups, the OS did not differ significantly between patients with pretreatment SUV max values of up to 9.0 and greater than 9.0.
Univariate and multivariate analyses were carried out as follows: five IPI factors (age, PS score, LDH level, number of extranodal sites, and Ann Arbor stage), R-IPI score, and SUV max were included in the univariate analysis. The results showed that PS score ≥ 2, LDH > normal, number of extranodal sites > 1, Ann Arbor stage of III/IV, 'poor' R-IPI, and SUVmax > 9.0 were unfavorable prognostic factors affecting PFS. Similarly, LDH > normal, Ann Arbor stage of III/IV, 'poor' R-IPI, and SUV max > 9.0 predicted low OS. The six variables associated with PFS and four variables associated with OS on univariate analysis were included in a Cox proportional hazard model for multivariate analysis, in which the forward-stepwise method (likelihood ratio) was used. The results showed that R-IPI and SUV max were independent prognostic factors affecting PFS [R-IPI: P = 0.004, hazard ratio (HR) = 2.551; SUV max : P = 0.011, HR = 4.784], whereas R-IPI was an independent prognostic factor affecting OS (P = 0.023, HR = 3.097) ( Table 3) .
A novel prognostic model on the basis of IPI score and pretreatment SUV max A novel prognostic model was established by combining the IPI score and the pretreatment SUV max value. An absence of any unfavorable IPI factors and a pretreatment SUV max of up to 9.0 indicated low risk; IPI score of at least 3 and SUV max greater than 9.0 indicated high risk, and all remaining scenarios indicated moderate risk. This prognostic model was used to carry out a survival analysis.
The results showed that the 3-year PFS rates in the lowrisk, moderate-risk, and high-risk groups were 100, 86.3, and 46.9% (P = 0.000), respectively, whereas the corresponding 3-year OS rates were 100, 92.9, and 62.2% (P = 0.000; Fig. 3 ). This system was included in the Cox proportional hazard model for multivariate analysis with the forward-stepwise method (likelihood ratio). The results showed that the IPI score/SUV max prognostic model was an independent prognostic factor associated with PFS (P = 0.000, HR = 5.696, 95% confidence interval: 2.873-11.294) and OS (P = 0.000, HR = 5.840, 95% CI: 2.173-15.699).
Discussion
DLBCL is a highly heterogeneous disease, and 30-40% of patients with DLBCL show disease progression or The survival curves of 140 patients receiving first-line R-CHOP or CHOP therapy for newly diagnosed DLBCL. (a) Progression-free survival (PFS) of patients according to SUV max (SUV max : ≤ 9 vs. > 9; P = 0.000); (b) overall survival (OS) of patients according to SUV max (SUV max : ≤ 9 vs. > 9; P = 0.003). DLBCL, diffuse large B-cell lymphoma; SUV max , maximum standard uptake value. recurrence even after standardized immunochemotherapy [23] . Therefore, accurate risk stratification in these patients before treatment is a research hot spot. IPI or R-IPI is still the most commonly used clinical indicator of prognosis in the current rituximab era [24] [25] [26] , whereas molecular markers that reflect the biological behaviors of tumor cells are typically not used for assessment of prognosis in DLBCL patients. In recent years, some studies have found that gene-expression profiling, miRNA expression patterns, etc., tend to provide predictive information on the molecular biology of DLBCL [27, 28] . However, these examinations are very expensive and difficult to perform routinely in clinical practice. In contrast, PET/CT has become an essential investigation in patients with newly diagnosed DLBCL and clinicians can easily determine the PET/CT parameter SUV max , which reflects 18 F-FDG uptake. The clinical prognostic value of pretreatment SUV max has only been reported in a few studies, with small sample sizes and inconsistent results. This study aimed to address this issue and our results indicated that the pretreatment SUV max was correlated with clinical factors, the molecular markers Ki-67 and Glut-3, and treatment response in DLBCL patients; this parameter was also found to be an important predictor of survival in these patients.
Our study showed that pretreatment SUV max was correlated significantly with stage, B symptoms, number of extranodal sites, IPI or R-IPI score, LDH, ESR, and CRP. Byun et al. [29] and Hirose et al. [30] have also reported that SUV max is associated with IPI risk groups. However, the latter study failed to find a correlation of SUV max with disease stage, B symptoms, and extranodal involvement, as was shown in the present study. The sample size of the study carried out by Hirose and colleagues was relatively small, possibly leading to imbalanced grouping in the subgroup analyses. For example, only 17.6% (12/68) of the patients in their study showed general symptoms or more than two extranodal lesions, which might have introduced a statistical bias. Therefore, studies with large samples are required to confirm our results. The elevated serum LDH level in DLBCL patients reflects the tumor burden and cell turnover, which may account for its correlation with SUV max .
In our study, pretreatment SUV max was significantly higher in patients with high Ki-67 expression (77.8% of patients) than in those with low Ki-67 expression. A recent meta-analysis by Deng et al. [8] indicated that SUV max showed a moderate positive correlation with Ki-67 expression in patients with various cancers, of which the most significant correlation was found in patients with thymic epithelial tumors and gastrointestinal stromal tumors. However, different results have been obtained in studies of lymphoma patients. Chihara et al. [16] studied 24 DLBCL patients and found that the pretreatment SUV max was correlated weakly with Ki-67 expression, whereas further analyses indicated that Ki-67 expression did not differ significantly between patients with SUV max of at least 30 and less than 30. Hirose et al. [30] studied 68 DLBCL patients and also failed to find a correlation between SUV max and Ki-67 expression. However, Watanabe et al. [31] reported a significant correlation between SUV max at the biopsy site (BSUV max ) and Ki-67 expression in tumor tissues in 36 NHL patients (including 16 DLBCL patients). Similarly, Papajík et al. [7] studied 149 NHL patients (including 78 DLBCL patients) and found that SUV max was significantly higher in patients with high Ki-67 expression (>60%) than in those with low Ki-67 expression (≤ 60%). This finding is consistent with our results, suggesting that 18 F-FDG uptake is correlated with Ki-67 expression to a certain extent and that pretreatment SUV max reflects the proliferation activity of lymphoma cells.
In our study, high Glut-3 expression was detected in 53.5% of the patients. The pretreatment SUV max was significantly higher in the high Glut-3 expression group than in the low Glut-3 expression group. However, similar results were not obtained in the case of Glut-1 expression. Only a few small studies have investigated the role of Gluts in the mechanism of 18 F-FDG uptake in patients with malignant lymphomas, with inconsistent conclusions. In a report involving 1 DLBCL patient, Koga et al. [32] found that 18 F-FDG uptake differed with Glut-1 expression in lymphoma lesions. Khandani and colleagues studied 31 lymphoma patients (25 NHL patients, including nine patients with DLBCL, as well as six patients with Hodgkin's lymphoma) and obtained consistent results. The authors reported that specific Glut-1 expression in lymphoma cells was detected in 45% (14/31) of patients, and the percentage of Glut-1 + cells was significantly and positively correlated with SUV max . In addition, they reported that Glut-3 expression was detected in only 6.5% (2/31) of patients and was not significantly correlated with SUV max [33] . However, in a study involving 16 patients with B-cell NHL (including 11 DLBCL patients), Shim and colleagues failed to detect Glut-1 expression in lymphoma tissues on IHC, but found moderate-to-strong Glut-3 expression in almost all patients (15/16, positive rate, > 60%). However, this study failed to find any correlation between Glut-3 and SUV max [34] . Recently, Hirose et al. [30] carried out studies to investigate BSUV max and Glut expression, and found that the expressions of Glut-1 and Glut-3 in tumor tissues were closely correlated with the BSUV max value. Nevertheless, we failed to obtain consistent results with previous studies, which might be attributable to the small sample sizes of the previous studies. There is still a lack of large-scale studies on this topic. From our results, we concluded that Glut-3, but not Glut-1, played a critical role in the mechanism of 18 F-FDG uptake in lymphoma cells in DLBCL patients. Currently ongoing studies are focused on investigating Glut protein expression in DLBCL. A recent study by Takahashi et al. [35] focused on Glut mRNA expression and found that the expression of Glut-3 mRNA, but not Glut-1 mRNA, showed a significant positive correlation with preoperative SUV max in seven patients with primary central nervous system lymphoma (all DLBCL), which verified our conclusion at the gene level.
Our study confirmed that R-IPI still had a clear prognostic value in patients with newly diagnosed DLBCL. More importantly, we found that pretreatment SUV max was closely associated with treatment response, and univariate and multivariate analyses indicated that pretreatment SUV max was an independent prognostic factor affecting PFS, especially in patients in the 'very good' and 'poor' R-IPI risk groups. On the basis of these findings, we developed a novel prognostic model integrating the IPI score and pretreatment SUV max to improve risk stratification in DLBCL patients. With accurate risk stratification, overtreatment can be avoided in patients with a low risk of progression/recurrence. In patients with a high risk, however, the therapeutic strategy can be adjusted by the addition of new biologic agents to the standardized R-CHOP chemotherapy regimen or by dose intensification to improve outcomes. Our results are consistent with those obtained by Chihara et al. [16] and Miyazaki et al. [17] . Both these studies retrospectively analyzed newly diagnosed DLBCL patients who received chemotherapy with rituximab and involved 110 and 50 patients, respectively. Their results showed that pretreatment SUV max was an important predictor of PFS, and high SUV max was associated closely with disease progression. Adams et al. [18] recently studied 73 DLBCL patients and obtained results different from ours. Their single-center retrospective study analyzed various parameters obtained during pretreatment PET examination and the prognostic value of the NCCN-IPI, and found no prognostic value of SUV max for PFS and OS. However, they applied a median of 22 as the cut-off SUV max value, which differed from the value The survival curves of 140 patients receiving first-line R-CHOP or CHOP therapy for newly diagnosed DLBCL. (a) Progression-free survival (PFS) of patients according to novel IPI score/SUV max prognostic modeling (P = 0.000); (b) overall survival (OS) of patients according to novel IPI score/SUV max prognostic modeling (P = 0.000). DLBCL, diffuse large B-cell lymphoma; IPI, International Prognostic Index; SUV max , maximum standard uptake value.
used in this study. Furthermore, the proportion of stage-III/IV patients in their study was 84.9%, which was significantly higher than that in this study (55.7%). In addition, in their study, 44 (37.6%) of 117 consecutive patients were excluded for various reasons (including incompleteness of data). All these factors may have caused selection bias and had an impact on the statistical results.
The present study may have several limitations. For example, the measurement of SUV max is influenced by many patient and technical factors, such as blood glucose levels, examination protocols, calibration of the device, spatial resolution, matrix size, applied zoom, voxel volume, reconstruction method, number of iterations, postfiltering, determination of region of interest, partial volume effect, etc. [36] . The SUV max cut-off value may differ among patient populations according to PET/CT scanners and acquisition techniques. This, in part, is likely to be responsible for many of the discrepancies in previously published research. In our study, all patients were scanned using the same PET/CT scanner in a single center according to a standard protocol to maintain reproducibility. Further, the majority of patients (∼70%) were diagnosed with DLBCL by tumor biopsy first and then subjected to a PET/CT scan; thus, the SUV max in the patients pertained to the remnant lymphoma lesion and might not have been the same as the SUV max of the entire tumor. In clinical practice, PET/CT is usually performed for disease staging after the diagnosis of lymphoma; prebiopsy PET/CT is not a routine examination method. Currently, only a few studies have compared whole-body SUV max (WBSUV max ) with that at the biopsy site. Wu et al. [37] found that WBSUV max was higher than BSUV max in 15 DLBCL patients (19.6 7.7 vs. 16.6 5.8, P < 0.01), suggesting that tumor biopsy is not likely to affect the WBSUV max value. Therefore, we believe that it is appropriate to replace BSUV max with WBSUV max to analyze the correlation with clinicopathologic factors and its prognostic value. Finally, because of the retrospective nature of the present study, large-scale prospective studies are needed to confirm the prognostic value of the pretreatment PET/CT quantization parameters on the basis of the findings obtained from the present retrospective study.
Conclusion
Pretreatment SUV max in newly diagnosed DLBCL patients is closely associated with IPI and other clinical factors, the expressions of the molecular markers Ki-67 and Glut-3, as well as the clinical response. Both R-IPI and SUV max are independent prognostic factors affecting PFS in these patients. Furthermore, the novel prognostic model on the basis of IPI scores and pretreatment SUV max proposed in this study may have significant clinical value for risk stratification in patients with newly diagnosed DLBCL.
